Abstract
Hospital visitors as controls in case-control studies

INTRODUCTION
Selecting controls is one of the most difficult tasks in the design of case-control studies. The main purpose of control selection is to choose individuals representative of the base population. 3, 11, 13 Estimates of risk in case-control studies will be unbiased if the probabilities of selection for both cases and controls do not vary between exposure groups. 3 When controls are sampled from a primary base, it is easier to assess whether an individual is a member of the base. 8, 14 In many circumstances, however, it is almost impossible to include this type of control. Difficulties in obtaining a random sample of individuals from the general population, particularly in developing countries, limit the use of this type of control. Therefore, hospital controls have been widely used in casecontrol studies. As hospital controls are not healthy individuals, the exposure distribution to risk factors under study may be unrepresentative of the base-population. When cases are recruited from a cancer hospital, this may be a more important concern since controls are cancer patients.
In a case-control study on the association of organochlorinated compounds and other risk factors for female breast cancer, controls were selected among hospital visitors to that same hospital. 7 Selection bias was assessed.
METHODS
Study population
Women admitted between May 1995 and July 1996 to the main hospital of the "Instituto Nacional de Câncer -INCA" (National Cancer Institute) in Rio de Janeiro with a clinical diagnosis of breast cancer in the previous six months were eligible for the study. Control subjects were recruited among visitors to the same hospital. Women who had ever had breast cancer were ineligible. Cases and controls had to be residents of the metropolitan region of Rio de Janeiro (Brazil) for at least six months. Women older than 75 years old or emotionally or clinically unfit to undergo an interview were excluded. There were approximately 2:1 controls per case, and they were frequency-matched to cases according to age groups (30-34, 35-39, 40-44, ..., 70-75).
A total of 221 cases were eligible before surgery. Two women refused to participate and 41 were diagnosed as benign breast disease. Three pathologists revised the histological slides of all eligible cases. One case was excluded due to an indeterminate diagnosis, leaving a total of 177 women with invasive breast cancer. Four hundred and seventytwo eligible visitor controls were identified, of whom 95 (20.1%) refused to participate, alleging time constrains or emotional difficulties since they were visiting patients with advanced disease. Although it was not possible to properly characterize all refusals, it did not seem that these individuals were different from the studied individual regarding their age and the condition of being visiting relatives with cancer.
Data and sample collection
Data obtained using a standardized questionnaire included environmental and occupational exposure to pesticides, menstrual and reproductive history, family history of breast cancer and other cancers, smoking habits, alcohol drinking and breast size. Educational level was used as a surrogate of socioeconomic status. Since family history of cancer is a risk factor for the disease and could be more common among the control group, two questions were included in the questionnaire, one regarding the family kinship with the patient visited and the other about the patient's diagnosis. The method for determining DDE and other organochlorine levels in serum has been described elsewhere. 7 The Research Committee of the Instituto Nacional de Câncer approved the study proposal and the procedure of informed consent obtained from all participating subjects.
Analysis
Three possible models of control group composition were considered in the analysis: Model 1 (n=377) including all visitors selected; Model 2 (n=350) excluding women visiting relatives with breast cancer; Model 3 (n=214) excluding all women visiting relatives with any cancer.
Odds ratios (OR) and 95% confidence intervals (CI) were calculated to estimate the risk of breast cancer associated with the studied factors using unconditional logistic regression. 2 The association of p-p'-DDE and breast cancer was investigated by categorizing serum levels of this residue into quintiles based on the overall distribution of cases and controls. Other risk factors such as menarche age, menopausal status, parity, age at first and last full term pregnancy, months of lactation, tobacco smoking, alcohol drinking, body mass index, breast size and first-degree family history of breast cancer and other cancers were assessed. Alcohol consumption was quantified summing up doses of spirits, beer and wine. One cup of beer or wine was considered as one dose.
Statistical significance was assessed using the likelihood ratio test. 2 For ordered variables, linear trend analyses were carried out by categorizing the exposure variables and treating the scores as continuous. Since cases and controls were frequency-matched according to age, all OR were adjusted to age (30-39, 40-44, 45-49,..., 70-75). Serum concentration of DDE, age, educational level, months of lactation, family history of breast cancer and variables in the 3 models with p<0.25 after age-adjustment (parity, tobacco smoking, and breast size) were included in the final model. STATA software version 6.0 was used for statistical analysis.
RESULTS
A total of 177 cases and 377 controls were included in the study. In the control group, 163 women were visiting relatives with any type of cancer and 27 were visiting relatives with breast cancer.
Age-adjusted OR of breast cancer associated with risk factors other than family history of cancer, except for smoking, were similar in all three models (Tables  1-3 ). In Model 3, the risks related to higher tobacco consumption (20-39 and ³ 40 pack-years) increased and it was observed a statistically significant trend.
Regarding family history of cancer, there was seen great variation between the three models (Table 4) . Considering all cancers except breast cancer, family history showed a decreased risk for the disease in Models 1 and 2, while it was associated with an increased risk in Model 3 (although not statistically significant). Family history of breast cancer was a risk 4 factor for the disease in Models 2 and 3, but there was no association in Model 1.
The multivariate analysis results did not differ substantially in the three models, except for family history of breast cancer, smoking and breast size (Table 5) . A significant risk of breast cancer was found regarding family history of breast cancer in Models 2 and 3 (not in Model 1). For tobacco smoking, higher odds ratios in high consumption categories were seen in Model 3 (although not statistically significant). On the other hand, a statistically significant association was found for breast size in Model 3 (p for linear trend = 0.03).
The analysis taking into account the main risk factors under study was repeated comparing only two of the control groups: a) women visiting patients with any type of cancer, and b) women visiting patients who are not their relatives. In this analysis, it was found that the results including family history of cancer (breast cancer or all types except breast cancer), serum level of DDE and smoking, were compatible with the previous ones (data not shown).
DISCUSSION
In this study, the values of age-adjusted and multivariate odds ratios of breast cancer associated with risk factors, other than family history of cancer, tobacco smoking, and breast size, revealed little variation in the three models of control group composition. In fact, it was expected that the odds ratios would be close in Models 1 and 2, since Model 2 included more than 90% of the individuals included in Model 1. The observed odds ratios of breast cancer associated with classic risk factors as parity, lactation and age at first full term pregnancy did not show statistically significant differences in the three models, although the risk directions were as expected which could be explained by the small sample size of studied population.
Differences in odds ratios were seen regarding family history of cancer. For any cancer other than breast, when the control group included all visitors recruited (women visiting relatives and women visiting nonrelatives with cancer -Model 1), or when only the 27 women visiting relatives with breast cancer were excluded (Model 2), a decreased risk was observed. Excluding all visitors of relatives with cancer (Model 3), an increased risk was found, although not statistically significant. These findings indicate the existence of selection bias related to family history of cancer. Considering family history of breast cancer, selection bias due to the inclusion of 27 women visiting relatives with breast cancer masked the effect in Model 1.
A statistically significant trend of increasing risk (age-adjusted) of breast cancer with history of increas-ing tobacco smoking was observed only in Model 3. This finding, however, proved to be not significant after controlling for other variables. Smoking habits are frequently seen in the same family, which could explain the increased risk when women visiting relatives with cancer were excluded from the control group.
The lack of other types of controls in this study limits the possibilities of better exploring the occurrence of selection bias. Nevertheless, hospital visitor controls have been shown to be comparable to other types of controls in many aspects. 1, 9 Recent case-control studies of cancer have used hospital visitors as controls, 4, 5, 15 but there was no discussion about their limitations and advantages. MacMahon & Trichopoulos 6 pointed out to the fact that few studies report the convenience of using hospital visitors as controls. Armenian et al 1 find this type of controls more adequate in favor of a pragmatic and methodological sense.
The selection of a appropriate control group, namely hospital or population controls, has been a controversial issue among epidemiologists. 8, 12, 14 Casecontrol studies of cancer are frequently conducted in cancer hospitals, since many individuals with the disease are referred to and treated in specialized hospitals. It is known that hospital control patients may have a different exposure distribution compared to the base-population. 10 Since visitor controls are theoretically not ill, this problem should be seen less often. It should also be taken into account that hospital visitors tend to derive from the same hypothetical population where cases were originated, these individuals having the same chance of being included as cases if they were to develop cancer under study. 2 In case-control studies, the number of available controls has practical implications. On this aspect, Model 2, which included more than 90% of Model 1's individuals, was better than Model 3, which included less than 60%.
Controls recruited in hospital, either as patients or visitors, show some advantages. Apart from the fact that they are sometimes more representative of the base population than community controls, they are usually more collaborative. When there is a need of collecting biological specimens, which is increasingly the case in epidemiological studies, this can be a very important advantage. It is well recognized that no one type of control group can be suitable for all studies, and as there are no definite criteria of what an acceptable group is, 2 this specific situation might be regarded as a practical advantage of using visitors controls.
The study findings indicate that hospital visitor controls can create selection bias regarding family history of cancer. However, the majority of risk factors investigated were not confounded by family history of cancer, such as serum concentration of DDE. The exclusion of women visiting relatives with breast cancer, though slightly reduced the number of eligible controls, seemed to have prevented selection bias. This option offered a feasible alternative, indicating that the use of hospital visitors as controls should be explored in further case-control studies.
